and showed a positive correlation with clinical stage and grade. Nanog may play an important role in the development of dedifferentiation and progression of serous ovarian carcinoma.
Introduction
Ovarian cancer has become a fatal threat to women's lives and health, and its mortality ranks first among gynecological malignancies. As a result of a lack of early specific symptoms and signs, newly diagnosed patients may have developed advanced cancer and missed the optimal timing of surgery. With the in-depth research of cancer stem cells, cancer-initiating cells have also been found in the epithelial ovarian cancer [1] . The cancerinitiating cells maintain their undifferentiated state through the regulation of several downstream molecules in order to retain the potential of self-renewal, invasion and metastasis. It is believed that the research on a multipotential and differentiation-related protein may contribute to the early prediction and diagnosis of ovarian cancer.
Nanog, found as a new multipotent stem cell marker in 2003, is specifically expressed in the human embryonic pluripotent stem cells of embryos before or after implantation, primordial germ cells, embryonic stem cells cultured in vitro, embryonic germ cells and embryonic carcinoma cells, and functions in promoting cell proliferation. Zhang et al. [1] carried out research about the role of several stem cell transcription factors in the regulation of growth and differentiation of germ cell tumor, including Nanog. Nanog was found to be expressed in dysgerminoma and embryonic carcinoma, but not in immature teratoma, endodermal sinus tumor and choriocarcinoma. As a result, it can be used to distinguish between germ cell tumor and non-germ cell tumor. Moreover, they discovered that Nanog is a sensitive and specific marker of metastatic germ cell tumors. Chang et al. [2] and Santagata et al. [3] have recently further confirmed the above point of view.
Hence, Nanog is an emerging research focus of developmental biology, playing an important role in the maintenance of self-renewal and multipotential capacity. In our study, we examined the expression of Nanog in ovarian serous cystadenocarcinoma by immunohistochemical analysis and further explored the association between the expression of Nanog and pathological grade, clinical staging, and special serum marker.
Subjects and Methods

Samples and Patients
Three hundred and forty samples were randomly obtained from the Pathological Department of Women's Hospital, School of Medicine, Zhejiang University (China) between March 1997 and December 2008. Each patient had complete clinical data. The samples consisted of 43 normal ovarian epithelia, 110 serous cystadenomas, 80 borderline serous cystadenomas, and 107 serous cystadenocarcinomas (including 7 of stage I, 31 of stage II, 64 of stage III and 5 of stage IV). Patients who were treated with chemotherapy, immunotherapy or radiotherapy before operation have been excluded from specimen collection. The complete clinical pathologic parameters were age of the patients, expression level of CA125, clinical stage, and histologic grade [4] . This study was approved by the Ethics Committee of the Faculty of School of Medicine, Zhejiang University. All patients gave informed consent.
Immunohistochemistry and Evaluation
According to standard procedures, 10% neutralized formalin was used to fix tissue samples immediately for 24 h prior to processing in paraffin wax. Dewaxing and rehydration of the tissue sections followed. Hydrated autoclave pretreatment was performed by boiling the samples in 10 m M citrate buffer (pH 6.0) for 2 min. Three-percent hydrogen peroxidase was used for 10 min at room temperature (RT) in order to block endogen peroxidase activity. Slides were incubated with goat anti-human Nanog polyclonal antibodies (R&D, USA) at RT for 1 h followed by incubation with Dako Envision peroxidase (Dako Diagnostica, Hamburg, Germany) for 30 min at RT. At last, the slides were counterstained with Mayer's hematoxylin after adding 3,3 -diaminobenzidine tetrahydrochloride (Dako) for visualization, then slides were rinsed in tap water, dehydrated, placed in xylene, and mounted at RT. Between each step, slides needed to be washed 3 times (3 min in PBS). Blank controls were obtained by replacing the primary antibody with normal goat serum (Dingguo, Beijing, China).
The positive reaction of the Nanog protein is visible as brown particles in the cytoplasm. We counted 100 cells in 10 random fields ( ! 400 objective) and calculated the percentage of positive cells. The semiquantitative immunoreactive scoring system was evaluated based on the percentage of positive cells adding to the stain intensity [5] . As for stain intensity, negative staining was defined as 0, weak positive with faint yellow was defined as 1, moderate positive with brown-yellow as 2, and strong positive with dark yellow as 3. As for the number of positive cells, ! 5% positive cells was defined as 0, ! 25% positive cells as 1, ! 75% positive cells as 2, and 1 75% positive cells as 3. The sum of stain intensity and scores of positive cells was the result for each section. It was determined as -(0), + (1-2), ++ (3-4), and +++ (5-6). The evaluation of Nanog expression was separately assessed by 2 pathologists blinded to the clinicopathologic data.
Statistics
The Kruskal-Wallis H and the Mann-Whitney U tests were used to evaluate Nanog expression between the different groups. The Spearman and Kendall tests were applied to analyze the association between the positive expression and clinical pathologic factors. The SPSS 10.0 software package for Windows was used to perform statistical analysis. A result was considered to be statistically significant when p ! 0.05.
Results
Immunohistochemical Detection of Nanog Expression in Different Ovarian Tissues
The positive reaction of the Nanog protein is shown as brown-yellow particles, which were mainly located in the cytoplasm. In our study, there is a significant difference between the normal ovarian tissues and borderline serous cystadenomas (Z = -2.843, p = 0.004) or serous cystadenocarcinomas (Z = -6.191, p = 0.000). With the exception of no statistical significance between normal tissue and serous cystadenoma, the pairwise comparisons of the remaining groups have shown significant differences (Z = 0.387, -8.328, -2.085; p = 0.000, 0.000, 0.000; table 1 ). Moreover, the expression intensity of Nanog in normal ovarian tissue, benign, borderline, and malignant tumors exhibited a gradual rising trend ( fig. 1 ). As shown in table 2 
Correlation Analysis between Nanog Expression and Clinical Parameters of Serous Ovarian Cancer
Discussion
In 2003, Chambers et al. [6] and other researchers almost simultaneously reported a new transcription factor, which was mainly expressed in primordial germ cells and embryonic stem cells, named Nanog [6, 7] . The human Nanog gene is located on chromosome 12p13, belonging to the pathogenic region of teratoma [8] . It has been shown that Nanog contributes to the self-renewal ability of embryonic stem cells, maintaining their undifferentiated state and promoting cell proliferation.
It has been indicated by expression profiling that Nanog is found overexpressed in pluripotent cells but downregulated after differentiation. There is no expression in normal mature organization [6] . However, the regulation of Nanog is not yet clear. The analysis of Nanog 5 promoter shows that there is an Oct4/Sox2 composite binding site motif at the upstream 180 bp of the transcription start site, which plays an important role in the regulation of Nanog. Studies have also shown that tumor suppressor gene p53 can bind to the Nanog promoter, which plays a negative regulatory role [9, 10] .
The 3 transcription factors Sox2, Oct3/4 and Nanog form a core regulatory network that coordinately determines the self-renewal and differentiation of embryonic stem cells [11, 12] . Lately, in the study of prostate cancer carried out by Jeter et al. [13] , the cancer cells cultured in vitro expressed Nanog. Furthermore, Nanog was found overexpressed in the stem/progenitor-like cell subsets. Tumor proliferation and colony-forming ability can be inhibited by Nanog short hairpin RNA through RNA interference-mediated Nanog knockdown trial. In the regulatory mechanism of tumor biology, the STAT signaling pathway plays an important role. As one of the STAT signaling pathway family members, STAT3 regulated tumor proliferation and antiapoptotic protein expression through functions of downstream target genes, which produced dimerization by phosphorylation of tyrosine residues [14] . In a recent study, researchers found that Nanog stimulated STAT3-specific transcriptional activation by binding to STAT3, leading to the expression of MDR gene and tumor growth. Moreover, the high expression of Nanog in Nanog-transfected cells can effectively stimulate the endogenous combination with STAT3, STAT3-specific transcriptional activation, expression of MDR gene, as well as multidrug resistance. It can be inferred that Nanog is not only a stem cell marker, but also the activator of tumorigenic pathway and MDR gene expression [15] .
We found that the positive reaction of the Nanog protein is shown as brown-yellow particles located in the cytoplasm. Previous studies of germ cell tumors have demonstrated that the Nanog protein is mainly located in the nucleus; however, research on breast cancer has found that Nanog is not only expressed in the nucleus but also in the cytoplasm [16] . We inferred that Nanog may be related to the transcriptional regulation of cytoplasm mitochondrial DNA, besides the nuclear transcriptional regulation. Moreover, our previous study on cervical cancer has shown that the Nanog protein is located in the cytoplasm in cervical intraepithelial neoplasia tissues and cervical cancer tissues [5] ; i.e., although Nanog is expressed in the nucleus in multiple tumors, it is located in the cytoplasm in both of the major gynecological neoplasms. We presumed that this phenomenon is caused by different protein function cancer cells, which may be associated with specific sex hormones.
In our study, Nanog expression showed a dramatically positive relationship with clinical stage and pathological grade, which indicated that Nanog may be involved in the development and progression from ovarian normal tissue to cancer. With the development of tumor clinical stage and pathological grade, the Nanog protein showed higher expression, which also confirmed that the protein plays an important role in the regulation of the tumor cell differentiation process. Several research papers also indicated that the Nanog protein is closely related to tumor differentiation in diverse kinds of tumors. In our study, we observed a close relationship between Nanog and differentiation grades of ovarian serous cystadenocarcinoma as well, which was consistent with previous studies. However, we also found out that there was a relationship between Nanog and the clinical stage of ovarian serous cystadenocarcinoma in the meantime, which could be explained as follows. As a result of a lack of early specific symptoms, the majority of diagnosed patients have already developed advanced cancer when they come to the doctors. In our 107 serous cystadenocarcinoma patients, the clinical stages III and IV account for 67.29%. Moreover, most of the low differentiated ovarian cancers had been of clinical stage III or IV. Therefore, the relationship between Nanog and the histologic grade has been accompanied by the correlation between Nanog and clinical staging.
Adult stem cells have the ability to differentiate into other types of tissue cells. Similarly, different tumor cells have different differentiation grades within the same tissue; i.e. the more mature the cancer cells, the lower the degree of malignancy. It can be seen that there are many similarities as well as an inherent correlation between tumor cells and normal stem cells. As a result, cancer stem cells may have originated from the transformation of normal stem cells. As discovered in our research, Nanog expression showed a positive correlation with the tumor pathological grade as a key transcription factor during stem cell differentiation. In other words, the lower the differentiation level of the tumor tissue, the higher the expression of Nanog.
In conclusion, our results indicate that Nanog is highly expressed in serous ovarian carcinoma, suggesting that these tissues contain stem cells, embryonic-like stem cells, or cancer stem cells. As a stem cell marker, Nanog may play an important role in the development of dedifferentiation and progression of ovarian serous cystadenocarcinoma, and it may also act as a novel tumor marker.
